In recent times, the stochastic approach has received enormous attention to estimate the rate of inflation. The attraction of this approach is to provide not only the estimate of inflation rate, but also its standard error. In this paper, we extend the stochastic approach to derive the Paasches price index number and its standard error. We present an illustration to Laspeyres index number using consumer price data of Pakistan covering the period from
INTRODUCTION
There are two foremost approaches to index number theory. The first is the functional index number approach, with a long history going back to the work of Konus (1924) , provides the basic framework for measuring changes in consumer prices over time. Later on this method has been augmented by the effort of Samuelson and Swamy (1974) , and Diewert (1981) .
The other methodology, called 'atomistic' or 'stochastic' approach by Frisch (1936) , associated with Stanley Jevons and Francis Edgeworth [see Frisch (1936) ]. In the last two decades, this approach has been familiar and attracting great consideration to measure the index numbers.
The desirable feature of this approach is to provide not only the point estimate of inflation rate, but its standard error, so that the confidence intervals are possible to construct for the true rate of inflation.
Moreover, it is a way of viewing index number in which uncertainty and statistical ideas play a vital role, rather than just providing a single number, it determines the whole distribution of inflation rate. It has widely been used by many authors to derive the underlying rate of inflation and its standard error. Izan (1981, 1987 ) have immensely contributed their part to develop the divisia index number. They extended the approach to index number by allowing for sustained commodity changes in relative prices. Further motivation in this area, affiliated with the work of Selvanathan (1989 Selvanathan ( , 1991 Selvanathan ( , 1993 Selvanathan ( , 2003 , Rao (1992, 1994 ), Clements and Selvanathan (2007) , and Selvanathan and Selvanathan (2006) . In the context of Pakistan, Burney (1995) has reviewed the measures of central tendency in stock exchange price index. Burney and Maqsood estimated the inflation rate using various time series model. The objective of this study is to counter the Keynes's criticism using a commodity-specific component to the model of Selvanathan and develop the maximum likelihood estimator of Paasches index number and its standard error. Selvanathan (1991) used the regression approach to derive the standard errors for the Laspeyres and Paasches index numbers. Selvanathan (1993) answered the criticism by extending the approach to Laspeyres index number using a commodity dummy variable. Selvanathan (1991) uses the regression of expenditure on commodity i in current period, it it q p , on current period consumption, valued at base period, it io q p , i.e.
Where n is the number of commodities and it ε is the zero-mean random component. 
We note that
, the change in the ith relative prices, and the mathematical expectation of random component becomes
Which indicate the expected value of relative price change is zero for all i, this is undoubtedly weakness of the model and recognized by Keynes (1930) . We, therefore, extend the work presented in Selvanathan (1991) using the stochastic approach to index number theory.
In section 2, we introduce the extended version of model (2) that allows systematic changes in relative prices. Afterwards, we derive the Paasches index number using the maximum likelihood estimation method. We, then, present an illustrative application to estimate the Laspeyres price inflation rate and its standard error in the context of Pakistan. Concluding remarks are recapitulated in section 4.
THE NEW EXTENDED MODEL
We extent the model by incorporating the commodity-specific component to permit sustained 
Here it ζ is assumed to be normally distributed with mean
and covariance
Where ij δ is kronecker delta and
is the budget share of commodity i in period t. Now rearranging eq. (3) and taking the mathematical expectation, we obtain the change in ith relative price as
Model (3) is not identified, as an increase in t α for each t by any number k and a lowering of i β for each i by the same k does not affect the right side of equation (3).
To identify the model, we impose the constraint
This has the simple interpretation that a budget share weighted average of the systematic component of the relative price changes is 0.
THE MLE OF PAASCHES INDEX NUMBER
We apply the maximum likelihood estimation method to estimate the parameters of model (3) subject to constraint (4) . This model can be written using the constraint equation as Using an obvious notation, we write the model as The log-likelihood function of model (5) is
Where c is a constant, taking the first derivative of eq. (6) to obtain the estimates of parameter vector γ ; 
This simplifies to
, and ( )
An appendix may be available from the author upon request.
AN ILLUSTRATION
In Pakistan, the prices are compared with the specific period that is fixed for usually every ten The scatter diagram of estimated index numbers against its corresponding standard errors is illustrated in figure 1 , indicating a positive association between them. In other words, the higher index number is not easy to estimate precisely in absolute mode that is standard error of index tends to rise. The rise in index number is higher than the increase in standard error, making estimation of index number is quite challenging when the standard error is higher. The straight line is the least square regression line, suggesting the direct relationship. In figure 2 , we plot the estimates of index number along with its 95% confidence bands constructed using the normal distribution ) ( 96 . 1 t t SE α α ± . Index number is continuously rising over the years, which is as expected, since CPI has an increasing pattern in nature. The width of confidence bands at the starting months and in the mid of 2010. Paasches index number. Second, we used the technique of maximum likelihood estimation to derive the estimate of Paasches index number and its standard error. Lastly, we presented an illustrative application to compute the Laspeyres price index number and its standard error, derived by Selvanathan (1993) , with reference to Pakistan data.
